Objective: Bismuth has antidiarrheal, antibacterial, and anti-inflammatory properties. We report our single-center experience with oral colloidal bismuth subcitrate (CBS) treatment for patients with chronic intractable diarrhea. Method: We interrogated our web-based Inflammatory Bowel Disease Clinical and Research database to ascertain clinical details on all patients in our tertiary hospital gastroenterology service treated with CBS between 2000 and 2010. Treatment responses were based on prospective scoring of daily number of liquid stools. Responses were recorded prior to commencement of CBS and at follow-up visits over 12 months. Results: Thirty-one patients, mean age 47 years (range 17-79 years) and a mean duration of diarrhea of 22 weeks (range 6-104 weeks), were prescribed CBS at doses ranging from 120 mg to 480 mg/day for $1 month. Of these, 23 patients (74%) had an initial clinical response and 12 (39%) who continued with this treatment had a sustained clinical response at 1 year. Twelve patients with pouchitis and four patients with indeterminate colitis had initial responses of 92% and 75%, respectively, and sustained responses of 50% and 75%, respectively. Ulcerative colitis patients (n = 5) responded poorly with respect to both initial and sustained responses. Three patients with microscopic colitis showed encouraging initial response of 100% but did not have any sustained benefit. Three of four patients with diarrhea-predominant irritable bowel syndrome (dIBS) had an initial response and two (50%) had good sustained responses. There were no serious adverse events. One patient stopped therapy because of nausea. Conclusion: This is the largest report of oral bismuth treatment in chronic intractable diarrhea. CBS is cheap and appears to have the potential to be effective for ameliorating diarrheal symptoms in indeterminate colitis, pouchitis, and dIBS. An appropriately powered, blinded, randomized, controlled study appears warranted to establish the position of oral bismuth in routine practice.
Intractable diarrheal symptoms that are often associated with inflammatory bowel disease (IBD) and diarrheal irritable bowel syndrome (dIBS), significantly affect the quality of life of patients and can be a challenging management problem. IBD per se is treated with aminosalicylates, corticosteroids, thiopurine, or other immunosuppressive medications, either by themselves or in combinations or with surgery. Despite treatment, approximately 20%-30% of patients fail to achieve complete remission either because of insufficient response or unacceptable side effects. 1, 2 Attempts at symptomatic management of diarrhea with standard antidiarrheal treatments are not always successful. In such situations there is a dearth of alternative options.
One of the more unusual therapies reported in older literature involves arsenical compounds. Encouraging results with acetarsol™ ( [3-acetamido-4-hydroxyphenyl] arsonic acid) enemas were demonstrated in a double-blind controlled trial comparing it with a corticosteroid suppository for inducing remission in ulcerative proctitis. 3 Notwithstanding, it is rarely used due to its potential for toxicity. 4 Being in the same group in the periodic table, bismuth shares many chemical properties with arsenic. Oral bismuth has been used effectively for prophylaxis and treatment of traveler's diarrhea 5 and for treatment of Helicobacter pylori. 6 Inspired by the clinical trial literature on acetarsol in colitis and chewable oral bismuth preparations for peptic ulcer disease and travelers' diarrhea, TF in our gastroenterology service has been prescribing oral bismuth for patients with intractable diarrhea since 2000. We report on our experience with oral colloidal bismuth subcitrate (CBS) in a consecutive series of 31 patients suffering from various chronic diarrheal conditions, including colitis, pouchitis, and dIBS, who were intolerant or unresponsive to conventional treatments.
Patients and methods
All patients with chronic diarrhea in our clinic are entered on our web-based Inflammatory Bowel Disease Clinical and Research Database (Figure 1 ). While primarily designed to follow patients with IBD, this database is also used to follow all patients with other defined diarrheal conditions, including microscopic colitides, celiac disease, lactase deficiency, and some pancreatic disorders. Clinical assessment and medical and surgical treatment data are updated during clinic visits.
The database was interrogated for all patients treated with CBS, and corresponding medical chart records were reviewed to confirm details of the patients treated with CBS between January 1, 2000 and December 31, 2010. The patients treated with CBS had either mild-to moderate-severity colitis, pouchitis, or chronic diarrheal conditions not responding to standard medical treatments (Table 1) but not requiring mandated surgery for the condition. None of the patients had celiac disease or lactose intolerance.
Diarrhea was scored prospectively using a clinical assessment module primarily designed to score clinical severity of Crohn's disease or colitis ( Figure 2 
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increased to 240 mg twice daily for 2 weeks; with a good response, patients continued after 1 month at either of these doses or at 120 mg daily. Clinical assessments were collected at one month from commencement of CBS (initial response) and also at follow up in those who continued treatment for $1 month.
We elected to dose bismuth orally in our patients not only because of the convenience of oral dosing but also because (i) the disease is not always accessible by enemas and (ii) oral bismuth, being poorly absorbed by the intestine, is mainly delivered to the colon. The initial decision to use colloidal bismuth subcitrate over another oral bismuth preparation, the subsalicylate form, was because the former is a single compound, whereas the latter is manufactured in combination with calcium carbonate. As salicylates per se can stimulate intestinal fluid and electrolyte absorption 7, 8 and calcium by itself possesses antidiarrheal and immunomodulatory properties, 9,10 we chose to prescribe the subcitrate form of bismuth in our gastroenterology service.
Therapeutic responses were scored on the basis of number of liquid stools as recorded in the assessment module. The responses were classified as good, partial, or nil. A good response was defined as a bowel frequency of #3 per day, with a decrease by at least 3 liquid stools per day from baseline. A partial response was defined as a reduction by $2 liquid stools per day from baseline. Use of the database was approved by the Mater Hospital Human Research Ethics Committee.
Results
Thirty-one patients aged 17-79 years, mean age 47 years, with a mean duration of diarrhea of 22 weeks (range 6-104 weeks) were treated with CBS at doses ranging from 120 mg to 480 mg per day (Table 1) . Twenty-three patients (74%) had an initial clinical response. These patients were prescribed ongoing CBS. Twelve (39%) of these patients had a documented sustained response at 1 year. The other eleven patients had stopped CBS therapy. Median total duration of daily CBS therapy in the eleven patients who had stopped was 13 weeks (range 7-42 weeks) (Figure 3) . The twelve patients with pouchitis and four patients with indeterminate colitis had mainly good initial (92% and 75%, respectively) and sustained (50% and 75%, respectively) responses, whereas five patients with ulcerative colitis responded poorly with respect to both initial (20%) and a sustained response (0%). All three patients with microscopic colitis showed an encouraging good initial response, but none of them had a sustained benefit at 1 year. The response to oral CBS in four patients with dIBS was encouraging, with three having had 
Discussion
We report here a retrospective experience with oral CBS treatment for chronic intractable diarrhea. It includes all patients treated with CBS between 2000 and 2010 in our gastroenterology service. As far as we are aware, this is the largest reported series of oral CBS treatment for chronic diarrheal conditions. Chronic intractable diarrhea, which is not uncommon in gastroenterology and medical outpatient departments, is an important and challenging clinical problem for both treating physicians and patients. We found CBS to be an encouraging and safe symptomatic treatment for pouchitis, indeterminate colitis, and dIBS where other treatments had failed or were not adequate. Owing to their well-known antidiarrheal properties, bismuth compounds have been commonly used to treat episodic diarrhea in children and adults for a century. [11] [12] [13] [14] Two studies have reported the efficacy of bismuth enema treatment for distal ulcerative colitis. An open-labeled study with patients resistant to conventional treatment showed a 60% clinical response rate and 40% complete remission rate after 8 weeks of therapy. 15 A second multicenter, double-blind, randomized, control trial that compared bismuth enema with 5-aminosalicylic acid enemas showed an equivalent therapeutic benefit with bismuth enemas for the treatment of left-sided ulcerative colitis. 16 Oral bismuth has also been used in microscopic colitis, 17 as a colostomy deodorizer, and as an antispirochete agent in syphilis. 18 There is a 4-week study from the Mayo clinic with oral bismuth salicylate for 13 patients with chronic antibioticresistant pouchitis. This showed a significant clinical benefit noted on follow-up at the end of 4 weeks. 19 In addition to its antibacterial properties, 6, 18 bismuth is also thought to have anti-inflammatory effects. 20 There are experimental data supporting a role inhibiting inducible nitric oxide synthase activity in intestinal epithelial cells and also to induce heme oxygenase-1, thereby imparting therapeutic effects against the inflammatory and oxidative stresses associated with inflammatory bowel disease. 21 Another experimental study showed the ability of bismuth to scavenge oxygen-free radicals in the context of chemicalinduced gastric mucosal injury. 22 Given these antibacterial and anti-inflammatory actions, it is theoretically feasible that bismuth should have a role in the treatment of acute and chronic diarrhea where bacteria and/or their toxins are implicated in the pathogenesis.
Hydrogen sulfide is a malodorous and toxic compound produced by colonic bacteria during the breakdown of protein. In moderately severe ulcerative colitis, 23 hydrogen sulfide has been implicated in the inhibition of colonic mucosal butyrate oxidation, 24, 25 which can render the mucosa Bismuth is minimally absorbed and so has negligible potential for toxicity in patients with normal renal function. Any absorbed bismuth is mostly excreted in urine unless renal function is severely impaired. 12, 27 Toxicity from bismuth is rare unless ingested in extremely high doses 28 (many times higher than the doses used by us). As CBS was swallowed whole, none of our patients experienced blackish discoloration of the tongue, teeth, or gums.
Time in weeks
Despite the small number of subjects in this study, this represents the largest reported study to date with oral bismuth. Although this is not a prospective, randomized, controlled, drug trial, our observations suggest the possibility of substantial symptomatic benefit with the use of oral CBS in pouchitis, dIBS, and indeterminate colitis but not in ulcerative colitis. It is encouraging that at least in some patients, a sustained benefit was achieved. Although many of these disease entities are known to have spontaneous remissions and relapses, it seems unlikely that the unremitting diarrhea in some of our study patients lasting for months to years, despite being on standard treatment, would suddenly settle in its natural course when bismuth was initiated. We conclude that it would be worthwhile to conduct an appropriately powered, blinded, randomized, controlled study examining clinicopathological endpoints in defined groups of intractable diarrheal patients with pouchitis, dIBS, and indeterminate colitis. 
